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METHOD OF MANUFACTURING A filled with metal to provide a highly conductive layer in the 
SEMICONDUCTOR DEVICE WITH A upper part of the gate electrode and field - plate along all 
METAL - FILLED GROOVE IN A stripes ( fingers ) , reducing the overall distributed resistance 

POLYSILICON GATE ELECTRODE of the gate and field - plate wiring on a power MOSFET and 
5 improving the homogeneity of the MOSFET switching . 

PRIORITY CLAIM According to an embodiment of a semiconductor device , 
the device comprises a semiconductor substrate , a body 

This application is a Divisional of U . S . application Ser . region of a first conductivity type in the substrate , a source 
No . 14 / 747 , 681 filed on Jun . 23 , 2015 , which in turn is a region of a second conductivity type opposite the first 
Continuation of U . S . application Ser . No . 13 / 673 , 458 filed 10 conductivity type adjacent the body region , and a trench 
on Nov . 9 , 2012 , the content of both of said applications extending into the substrate adjacent the source and the body 
incorporated herein by reference in their entirety . regions . The trench contains a polysilicon gate electrode 

insulated from the substrate . The device further comprises a TECHNICAL FIELD dielectric layer on the substrate , a gate metallization on the 
dielectric layer and covering part of the substrate and a The present application relates to semiconductor devices , 

in particular semiconductor devices having a polysilicon source metallization on the dielectric layer and electrically 
gate electrode with low gate resistance . connected to the source region . The source metallization is 

spaced apart from the gate metallization and covers a 
BACKGROUND 20 different part of the substrate than the gate metallization . A 

metal - filled groove in the polysilicon gate electrode is 
Power MOSFETs ( metal oxide semiconductor field effect electrically connected to the gate metallization , and it 

transistors ) with trench field plates have been used as extends along a length of the trench underneath at least part 
fast - switching power devices . The trench field plate pro of the source metallization . 
vides charge compensation , allowing for much lower Rds 25 According to another embodiment of a semiconductor 
( on ) xA and lower gate - related FOM ( figure of merit ) . The device , a plurality of trenches spaced apart from one another 
performance of such devices is limited by inhomogeneous extend in parallel into the substrate adjacent the source and 
switching effects of the device . the body regions , each trench containing a polysilicon gate 

Such effects include inhomogeneous switching due to the electrode insulated from the substrate . A metal - filled groove 
distributed gate resistance . For example , parts of the chip in 30 in each polysilicon gate electrode is electrically connected to 
close vicinity to the gate pad follow a rapid change of the the gate metallization , and extends along a length of the 
gate voltage that is much faster than for parts of the chip trenches underneath at least part of the source metallization . 
more distant to the gate pad . Furthermore , in difference to According to yet another embodiment of a semiconductor 
standard MOSFETs , the charging / discharging of the trench device , the device comprises a semiconductor substrate , a 
field - plate which provides charges to compensate for the 35 first semiconductor region of a first conductivity type in the 
drift region doping is inhomogeneous . In the case of fast substrate , a second semiconductor region of a second con 
transients , the field - plate charges too slowly due to the ductivity type opposite the first conductivity type adjacent 
distributed resistance for its connections and the device may the first semiconductor region , and a trench extending into 
easily enter avalanche locally during the transients , leading the substrate adjacent the first and the second semiconductor 
to increased switching losses . 40 regions . The trench contains a polysilicon electrode insu 

It is therefore advantageous to reduce the distributed gate lated from the substrate . The device further comprises a 
resistance in general and improve the homogeneity of the dielectric layer on the substrate , a first metallization on the 
distribution of the gate signal across the entire chip . Con - dielectric layer and covering part of the substrate and a 
ventional solutions include widening the metal layers which second metallization on the dielectric layer and electrically 
connect the gates with the gate pad to reduce the electrical 45 connected to the second region . The second metallization is 
resistance . However , this measure is limited by the cell spaced apart from the first metallization and covers a dif 
pitch . Also , widening the gate fingers requires additional ferent part of the substrate than the first metallization . A 
active area . Such drawbacks also apply to equivalent mea - metal - filled groove in the polysilicon electrode is electrically 
sures for contacting the trench field - plates . Another conven connected to the first metallization , and extends along a 
tional approach is the introduction of additional gate fingers , 50 length of the trench underneath at least part of the second 
which reduces the active area and , thus , increases the metallization . 
Rds ( on ) of a given chip size . Still another conventional According to an embodiment of a method of manufac 
approach involves replacing the polysilicon often used as the turing a semiconductor device , the method comprises : form 
gate material with a metal which might also be possible for ing a trench extending into a semiconductor substrate and a 
the trench field - plate in the case of a MOSFET having such 55 polysilicon gate electrode in the trench which is insulated 
a structure . However , the use of metal for the device gate from the substrate ; forming a body region of a first conduc 
electrode and field - plate strongly impacts the subsequent tivity type in the substrate adjacent the trench and a source 
process steps required to complete the chip fabrication since region of a second conductivity type opposite the first 
the maximum allowed temperature for a chip having a metal conductivity type adjacent the body region and the trench ; 
gate is reduced , which , in turn , limits the type of processing 60 forming a dielectric layer on the substrate ; forming a gate 
that can be carried out after formation of the metal gate . metallization on the dielectric layer which covers part of the 

substrate and a source metallization on the dielectric layer 
SUMMARY which is electrically connected to the source region , the 

source metallization being spaced apart from the gate met 
Embodiments described herein provide for a groove 65 allization and covering a different part of the substrate than 

formed in the polysilicon gate electrode and optional poly - the gate metallization , and forming a metal - filled groove in 
silicon field - plate of a power MOSFET . The grooves are the polysilicon gate electrode which is electrically connected 
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to the gate metallization , the metal - filled groove extending FIG . 12 illustrates a top - down plan view of a semicon 
along a length of the trench underneath at least part of the ductor device having a polysilicon gate electrode with a 
source metallization . metal - filled groove in the active area of the device according 

According to another embodiment of a semiconductor to an embodiment . 
device , the semiconductor device comprises a semiconduc - 5 
tor substrate , a body region of a first conductivity type in the DETAILED DESCRIPTION 
substrate , a source region of a second conductivity type 
opposite the first conductivity type adjacent the body region , FIG . 1 illustrates a top - down plan view of an embodiment 
a drain region of the second conductivity type spaced apart of a power semiconductor device such as a power MOSFET 
from the source region and a planar gate structure on the 10 fabricated on a semiconductor substrate 100 . As used herein , 
substrate . The planar gate structure comprises a polysilicon the term substrate refers to a single crystal or compound 
gate electrode insulated from the substrate and a metal - filled semiconductor wafer such as a Si , Sic , GaAs or GaN wafer , 
groove in the polysilicon gate electrode . The metal - filled or one or more epitaxial layers grown on a single crystal or 
groove extends along a length of the polysilicon gate elec - 16 compound semiconductor wafer . In the case epitaxial 
trode . layer ( s ) are used , the epitaxial layer ( s ) are grown on a 

Those skilled in the art will recognize additional features growth / support substrate and have a lower doping but the 
and advantages upon reading the following detailed descrip same conductivity as the growth / support substrate . The 
tion , and upon viewing the accompanying drawings . underlying growth / support wafer can be thinned or com 

20 . pletely removed . The semiconductor device also includes 
BRIEF DESCRIPTION OF THE FIGURES various device regions such as body , source , drift and drain 

regions which are out - of - view in the top - down plan view of 
The elements of the drawings are not necessarily to scale FIG . 1 . A dielectric layer 102 such as BPSG ( borophospho 

relative to each other . Like reference numerals designate silicate glass ) or PSG ( phosphosilicate glass ) is formed on 
corresponding similar parts . The features of the various 25 the substrate 100 , and insulates gate and source metalliza 
illustrated embodiments can be combined unless they tions 104 , 106 of the device from the underlying substrate 
exclude each other . Embodiments are depicted in the draw - 100 . 
ings and are detailed in the description which follows . The gate metallization 104 covers part of the substrate 

FIG . 1 illustrates a top - down plan view of a semiconduc - 100 e . g . the outer periphery of the device as shown in FIG . 
tor device having a polysilicon gate electrode with a metal - 30 1 . The gate metallization 104 includes a gate pad 108 and 
filled groove according to an embodiment . several gate runners 110 which extend outward in different 

FIG . 2 illustrates a top - down plan view of a semiconduc directions from the gate pad to distribute the gate signal to 
tor device having a polysilicon gate electrode with a metal - different regions of the device . The source metallization 106 
filled groove according to another embodiment . is electrically connected to the source region of the device 

FIG . 3 illustrates a top - down plan view of a semiconduc - 35 and covers a different part of the substrate 100 than the gate 
tor device having a polysilicon gate electrode with a metal metallization 104 e . g . the inner part of the device as shown 
filled groove according to yet another embodiment . in FIG . 1 . In FIG . 1 , the gate metallization 104 surrounds the 

FIG . 4 illustrates a top - down plan view of a semiconduc - source metallization 106 on three sides . Other gate / source 
tor device having a polysilicon gate electrode with a metal metallization layouts are possible , and within the scope of 
filled groove according to still another embodiment . 40 the embodiments described herein . In each case , the source 
FIGS . 5A through 51 illustrate cross - sectional views of a and gate metallizations 104 , 106 are spaced apart from one 

semiconductor substrate during different stages of manufac another to ensure proper operation of the semiconductor 
turing a semiconductor device having a polysilicon gate device . 
electrode with a metal - filled groove according to an embodi The gate structure 112 of the semiconductor device is 
ment . 45 formed in one or more trenches 114 , which are also referred 

FIG . 6 illustrates a cross - sectional view of a semiconduc - to herein as gate trenches . The gate trenches 114 are illus 
tor device having a polysilicon gate electrode with a metal trated with dashed lines in the top - down plan view of FIG . 
filled groove according to an embodiment . 1 , because the trenches 114 are formed in the semiconductor 

FIG . 7 illustrates a top - down plan view of a semiconduc - substrate 100 and covered by the overlying dielectric layer 
tor device having a polysilicon gate electrode and a field 50 102 and metallizations 104 , 106 . If more than one gate 
plate in the same trench and with respective metal - filled structure 112 is provided , the gate structures 112 divide the 
grooves according to an embodiment . active area of the device into different cells . In this case , the 

FIG . 8 illustrates a top - down plan view of a semiconduc - gate structures 112 extend in parallel like ' fingers ' in the 
tor device having a polysilicon gate electrode with a metal semiconductor substrate 100 from one end of the gate 
filled groove and gate runners of varying length according to 55 metallization 104 to the opposing end as shown in FIG . 1 . 
an embodiment . Each gate trench 114 extends into the substrate 100 

FIG . 9 illustrates a cross - sectional view of a semiconduc adjacent the source and the body regions ( not shown in FIG . 
tor device having a polysilicon gate electrode with a metal - 1 ) , and contains a gate electrode 116 made of polysilicon 
filled groove according to an embodiment . insulated from the substrate 100 by a gate dielectric 118 such 

FIG . 10 illustrates a cross - sectional view of a vertical 60 as silicon dioxide . In the case of multiple ( parallel ) gate 
DMOS semiconductor device having a planar gate structure trenches 114 , each polysilicon gate electrode 116 is electri 
including a polysilicon gate electrode with a metal - filled cally connected to the gate metallization 104 by one or more 
groove according to an embodiment . conductive vias 120 . The conductive vias 120 extend verti 

FIG . 11 illustrates a cross - sectional view of a lateral cally from the gate metallization 104 to the gate electrodes 
CMOS semiconductor device having a planar gate structure 65 116 through the intermediary dielectric layer 102 e . g . at both 
including a polysilicon gate electrode with a metal - filled ends of the gate metallization 104 as shown in FIG . 1 . The 
groove according to an embodiment . conductive vias 120 are illustrated with dashed lines in the 
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top - down plan view of FIG . 1 , because the vias 120 are also be varied as desired to vary the sheet resistances of the 
disposed in the dielectric layer 102 below the overlying different gate fingers 112 . In general , any desirable number 
metallizations 104 , 106 . of gate fingers 112 can be provided and the gate dimensions 

A metal - filled groove 122 is formed in each polysilicon can be set as desired by appropriately controlling the lithog 
gate electrode 116 . The grooves 122 are filled with metal to 5 raphy processing employed to fabricate the gate trench 
provide a metal layer in the upper part of the gate electrodes structures 112 i . e . the gate fingers . Described next are 
116 along all fingers 112 . Any suitable metal or metal alloy embodiments of a method of fabricating the power semi 
can be used to fill the grooves 122 in the gate electrodes 116 . conductor device . 
The type of metal used depends on the technology used to FIGS . 5A through 51 illustrate cross - sectional views of the 
fabricate the device . For example , the grooves 122 can be 10 power semiconductor device during different stages of 
filled with a single metal such as tungsten , or a metal alloy manufacture . According to this embodiment , the power 
such as Ti / TiN / W . In each case , the metal - filled grooves 122 semiconductor device includes both polysilicon gate elec 
extend along a length ( L ) of the gate trenches 114 under trodes 116 and polysilicon field plates 124 disposed in 
neath at least part of the source metallization 106 . In general , trenches 126 . The field plates 124 provide charge compen 
providing a metal - filled groove 122 in each polysilicon gate 15 sation , allowing for much lower Rds ( on ) XA and lower gate 
electrode 116 underneath at least part of the source metal - and gate - to - drain FOM ( figure of merit ) . Each field plate 124 
lization 106 reduces the overall distributed resistance of the is disposed in a trench 126 formed in the semiconductor 
device gate and improves the homogeneity of the device substrate 100 , and has a metal - filled groove 122 . The metal 
switching . The metal - filled grooves 122 can extend along filled grooves 122 in the polysilicon gate electrodes 116 
the entire gate trench length , or along part of the gate trench 20 extend along the length of the gate trenches 114 underneath 
length . In FIG . 1 , each metal - filled groove 122 extends at least part of the source metallization 106 as previously 
continuously from a first end of the corresponding gate described herein . The metal - filled grooves 122 in the poly 
trench 114 to the opposing end of the trench 114 , and each silicon field plates 124 similarly extend along the length of 
metal - filled groove 122 is electrically connected to the gate the field plate trenches 126 underneath at least part of the 
metallization 104 at the first and second ends of the corre - 25 gate metallization 104 . 
sponding gate trench 114 by respective conductive vias 120 . FIG . 5A shows the semiconductor substrate 100 after 

FIG . 2 illustrates a top - down plan view of the power completion of various conventional steps such as trench 
semiconductor device according to another embodiment formation , gate electrode / field plate formation and isolation , 
The embodiment shown in FIG . 2 is similar to the embodi - and source region formation . Some field plates 124 are 
ment shown in FIG . 1 , however the metal - filled grooves 122 30 disposed in the same trench 126 as one of the gate electrodes 
are interrupted at least once over the length ( L ) of the 116 according to this embodiment . An additional field plate 
trenches 114 so that the metal - filled grooves 122 each have 124 can be disposed in the edge of the device under the gate 
at least two different sections 122 ' , 122 " spaced apart from metallization 104 and the source metallization 106 in a 
each other in the gate trenches 114 . Each section 122 ' , 122 " trench 128 without a gate electrode 116 . Alternatively , the 
of the metal - filled grooves 122 is electrically connected to 35 field plates 124 and the gate electrodes 116 can be disposed 
the gate metallization 104 at one end of the corresponding in different trenches altogether . In each case , part of the 
gate trench 114 by a respective conductive via 120 . substrate 100 is protected by a resist 130 . Dopants are 

FIG . 3 illustrates a top - down plan view of the power implanted into the unprotected body regions 132 to form the 
semiconductor device according to yet another embodiment . source regions 134 of the device adjacent the body regions 
The embodiment shown in FIG . 3 is similar to the embodi - 40 132 . The body regions 132 are of a first conductivity type 
ment shown in FIG . 1 , however the cross - sectional area of ( i . e . p - type or n - type ) , and the source regions 134 are of the 
the metal - filled grooves 122 is reduced over part of the opposite ( second ) conductivity type ( i . e . n - type or p - type ) . 
length of the metal - filled grooves 122 . The part of each In the case the substrate 100 comprises an epitaxial layer , 
metal - filled groove 122 with a reduced cross - sectional area the epitaxial layer is of the second conductivity type and a 
forms a resistor . In FIG . 3 , the reduced cross - sectional area 45 lower doped drift region of the device and of the second 
results from narrowing the width ( Wg1 versus Wg2 ) of the conductivity type is disposed in the epitaxial layer . The 
metal - filled grooves 122 . The depth may also be varied to trenches 126 , 128 extend into the drift region according to 
reduce the cross - sectional area , in addition to or instead of this embodiment . Alternatively , the substrate 100 can be a 
narrowing the width . low - doped semiconductor wafer which is thinned and pro 

FIG . 4 illustrates a top - down plan view of the power 50 vided with a high - dose backside implant to form the drain 
semiconductor device according to still another embodi contact . 
ment . The embodiment shown in FIG . 4 is similar to the In each case , each trench 126 that contains a gate elec 
embodiment shown in FIG . 1 , however the polysilicon gate trode 116 and a field plate 124 extends into the substrate 100 
electrodes 116 disposed further from the gate pad 108 are adjacent the body and the source regions 132 , 134 , to a depth 
larger than the polysilicon gate electrodes 116 disposed 55 Dt . The trenches 126 also have a cross - sectional width Wt . 
closer to the gate pad 108 . The homogeneity of the switching The length of the trenches 126 extends in a direction into 
behavior and current flow is improved by providing a FIG . 5A . The gate electrode 116 and the field plate 124 are 
specific gate resistance of the gate fingers 112 which both made of polysilicon , and are insulated from each other 
decreases over distance from the gate pad 108 . In addition , and from the substrate 100 by a gate dielectric 118 and a field 
the gate fingers 112 have decreasing sheet resistance for 60 oxide 136 , respectively . The substrate 100 has been pro 
cells further away from the gate pad 108 by increasing the cessed in accordance with conventional techniques to this 
gate electrode width ( Wel versus We2 ) . For example , FIG . point , so no further description is given in this regard . 
4 shows the two polysilicon gate electrodes 116 disposed FIG . 5B shows the substrate 100 after a passivation layer 
closest to the gate pad 108 having a width Wel and the two 138 such as oxynitride and / or USG ( undoped silicate glass ) 
polysilicon gate electrodes 116 disposed furthest from the 65 is formed on the substrate 100 . The thickness of the metal 
gate pad 108 having a width We2 where We2 > Wel . The filled grooves to be subsequently formed in the gate elec 
thickness ( depth ) of the polysilicon gate electrodes 116 can trodes 116 and the field plates 124 is defined by the thickness 
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of the passivation layer 138 . As such , the overall resistance and openings 156 , 158 are formed in the resist 154 . The 
of the gate electrodes 116 and the field plates 124 can be left - hand view of FIG . 5G shows a part of the device to be 
adjusted by varying the passivation layer thickness . For connected to the source metallization 106 ( i . e . the source 
example , the thickness can range from 150 to 400 nm for a and body regions 132 . 134 , and the field plates 124 ) and the 
passivation layer 138 made of USG . Using more than two 5 right - hand view of FIG . 5G shows a part of the device to be 
gate fingers 110 is also possible in case a very low gate connected to the gate metallization 104 ( i . e . the gate elec 
resistance is needed . trodes 116 ) . FIG . 5C shows the substrate 100 after a resist layer 140 FIG . 5H shows the same two sections of the substrate 100 is formed on the passivation layer 138 and patterned to form as in FIG . 5G , after openings 160 , 162 are formed through openings 142 in the resist 140 . The underlying passivation 10 the inter - layer dielectric 152 . The openings 160 , 162 can be layer 138 is then etched through the openings 142 in the formed in the inter - layer dielectric 152 e . g . by anisotropic resist 140 . The aspect ratio of the resulting openings 144 in etching , and correspond to the openings 156 , 158 previously the passivation layer 138 depends on the thickness of the 
resist 140 . Grooves 146 are then formed in the top ( exposed ) formed in the resist 154 . After the inter - layer dielectric 
side of the gate electrodes 116 . field plates 124 and sources 15 openings 160 , 162 are formed , the top side of the metal - filled 
regions 132 e . g . by conventional etching . As previously grooves 122 and of the metal source / body contacts 150 are 
described herein , the cross - sectional area of the gate elec - exposed as shown in FIG . 5H . 
trode and / or field plate grooves 146 can be reduced along FIG . 51 shows the same two sections of the substrate 100 
certain part ( s ) of the trench length to form a resistor when as in FIGS . 5G and 5H , after the gate metallization 104 is 
the grooves 146 are filled with a metal ( see FIG . 3 ) . Also , the 20 formed on a section of the inter - layer dielectric 152 covering 
grooves 146 can be physically divided into multiple spaced one part of the substrate 100 and the source metallization 
apart sections also as previously described herein ( see FIG . 106 is formed on another section of the dielectric layer 152 
4 ) . Furthermore , the depth of the grooves 146 in the poly - covering a different part of the substrate 100 than the gate 
silicon defines the overall resistance since the grooves 146 metallization 104 . The separate gate and source metalliza 
are subsequently filled with metal as described in more 25 tions 104 , 106 can be formed by depositing a metal layer on 
detail later herein . Such adjustments to the dimensions of the the substrate 100 which fills the openings 160 , 162 in the 
grooves 146 can be performed during the lithography pro - inter - layer dielectric 152 . The metal layer is then masked by 
cessing illustrated in FIG . 5C . a resist and etched . The etch process separates the gate and 

FIG . 5D shows the substrate 100 during body region the source metallizations 104 , 106 . The gate metallization 
implantation . The body implant dose can be chosen so that 30 104 fills the openings 162 in the inter - layer dielectric 152 
a good p - type contact 148 is formed in the body region 134 , which extend to the metal - filled grooves 122 in the gate 
while also maintaining sufficient n - type doping in the source electrode 116 . The source metallization 106 similarly fills 
region 132 . An optional scattering oxide ( not shown in FIG . the openings 160 in the inter - layer dielectric 152 which 
5D ) can be formed to avoid sidewall implantation . The body extend to the metal - filled grooves 122 in the field plates 124 
contact implantation need not be limited to the source pad 35 and to the source / body contacts 150 . Replacing part of the 
region . That is , body contacts 148 can also be implanted polysilicon gate electrode 116 and polysilicon field plates 
under the gate runners 110 at the periphery of the device to 124 with metal - filled grooves 122 lowers the overall resis 
improve the blocking capability of the device . Also , the tance of the gate electrodes 116 and field plates 124 . In 
grooves 146 prevent ions like sodium from entering the addition , the metal - filled grooves 122 prevent ions such as 
active cell field since the trenches 126 and thus the grooves 40 sodium from entering the active cell field since the metal 
146 can surround the complete chip . The body implantation filled grooves 122 can surround the entire chip . Each poly 
process is indicated by downward facing arrows in FIG . 5D . silicon gate electrode 116 is electrically connected to the 

FIG . 5E shows the substrate 100 after metal is deposited gate metallization 104 and each field plate 124 is electrically 
in the grooves 146 formed in the gate electrodes 116 and the connected to the source metallization 106 by one or more 
field plates 124 , and in the openings etched through the 45 conductive vias 120 . 
source region 132 to the body region 134 . Any suitable metal The embodiment illustrated in FIGS . 5A through 51 
or metal alloy can be used . For example , Ti / TiN / W can be includes the gate electrodes 116 in the same trench 126 as 
used . In other embodiments , TiW can be used . Various other the field plates 124 . In other embodiments , the gate elec 
metallurgical combinations are possible and within the trodes 116 are in different trenches than the field plates 124 . 
scope of the embodiments described herein . The metal can 50 FIG . 6 illustrate a cross - sectional view of the power 
be removed from the surface of the passivation layer 138 e . g . semiconductor device according to yet another embodiment . 
by plasma etching and / or CMP ( chemical mechanical pol According to this embodiment , the gate electrodes 116 are 
ishing ) . The metal can be recessed further if desired to more disposed in different trenches 114 than the field plates 124 . 
precisely control the target resistance of the gate electrodes The gate electrodes 116 are insulated from the surrounding 
116 and field plates 124 . In each case , the resulting metal - 55 semiconductor material by a gate dielectric 166 . The field 
filled grooves 122 formed in the trench electrodes 116 and plates 124 are similarly insulated from the surrounding 
the field plates 124 collectively lower the overall resistance semiconductor material by a field plate dielectric 168 which 
of these regions because some polysilicon has been removed is thicker than the gate dielectric 166 . The gate trenches 114 
and replaced by a more conductive metal material . Metal and the field plate trenches 164 are spaced apart from one 
source / body contacts 150 are also formed . 60 another and extend into the substrate 100 adjacent the body 

FIG . 5F shows the substrate 100 after an inter - layer and the source regions 132 , 134 . A set of conductive vias 170 
dielectric 152 such as BPSG ( borophosphosilicate glass ) or extend from the source metallization 104 through the inter 
PSG ( phosphosilicate glass ) is formed on the passivation layer dielectric 152 to the metal - filled grooves 122 in the 
layer 138 and the metal - filled grooves 122 . Any suitable field plates 124 . These conductive vias 170 contact the 
conventional inter - layer dielectric 152 can be used . 65 source and the body regions 132 , 134 as shown in FIG . 6 to 

FIG . 5G shows two different sections of the substrate 100 , ensure proper device operation . A different set of conductive 
after a resist 154 is formed on the inter - layer dielectric 152 vias ( out - of - view in FIG . 6 ) extend from the gate metalli 
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zation 104 through the inter - layer dielectric 152 and contact previously described herein . The metal - filled groove 180 
the metal - filled grooves 122 formed in the gate electrodes extends along a length of the polysilicon gate electrode 176 
116 . i . e . into the page in FIG . 10 , and is insulated from the source 

As previously described herein , the cross - sectional area of metallization 106 by an insulating material 182 . 
the gate electrode and / or field plate metal - filled grooves 122 5 FIG . 11 illustrate a cross - sectional view of the power 
can be reduced along certain part ( s ) of the trench length to semiconductor device implemented as a CMOS ( comple 
form a resistor ( see FIG . 3 ) . Also , the metal - filled grooves mentary metal - oxide semiconductor ) device . According to 
122 can be physically divided into multiple sections also as this embodiment , the gate structure of the CMOS device is 
previously described herein ( see FIG . 4 ) . Such adjustments planar and disposed on the first surface 101 of the substrate 
to the dimensions of the metal - filled grooves 122 can be 10 100 . The source region 134 is disposed in the body region 
performed during the groove lithography processing as 132 at one part of the first surface 101 . The drain 172 of the 
previously described herein e . g . with regard to FIG . 5C . For CMOS device is disposed at the same surface 101 of the 
example , a resistor can be provided to improve the switching substrate 100 as the body and source regions 132 , 134 . The 
homogeneity along one finger ( stripe ) by appropriately drain 172 may include a heavily - doped drain contact region 
structuring the corresponding metal - filled groove 122 along 15 184 for decreasing the resistance at this interface . The drain 
the finger . If a part of this metal - filled groove 122 is removed 172 is separated from the body and source regions 132 , 134 
between the area connecting the overlying gate metallization by a lateral channel region 186 . Thus , the CMOS device is 
104 to the polysilicon gate electrode 116 and the active area , a lateral device in that the current flow direction is from the 
the remaining gate polysilicon in between the removed source 134 to the drain 172 at the same surface 101 of the 
groove areas essentially acts like a resistor . Identical mea - 20 device . The planar gate structure has a similar construction 
sures can be used for the metal - filled grooves 122 in the field as shown in FIG . 10 , however the source and drain metal 
plates 124 . Also , separate resistors can be integrated into the lizations 106 , 188 are disposed at the same side of the device 
chip to provide a resistive element between the gate pad and and insulated from the polysilicon gate electrode 176 by an 
the chip area itself . insulating material 182 . The metal - filled groove 180 formed 

FIG . 7 illustrates a top - down plan view of the power 25 in the planar polysilicon gate electrode 176 contacts the gate 
semiconductor device manufactured according to the metallization 104 in a plane than which is out - of - view in 
method shown in FIGS . 5A through 51 . The polysilicon gate FIG . 11 . 
electrodes 116 and the field plates 124 are disposed in the FIG . 12 illustrates a top - down plan view of the power 
same trench 126 as described in accordance with FIGS . 5A semiconductor device according to still another embodi 
through 51 and the corresponding text . 30 ment . The embodiment shown in FIG . 12 is similar to the 

FIG . 8 illustrates a top - down plan view of the power embodiment shown in FIG . 1 , however the metal - filled 
semiconductor device according to yet another embodiment . grooves 122 formed in the polysilicon gate electrodes 116 
The embodiment shown in FIG . 8 is similar to the embodi - extend along the length of the trenches 114 only in the active 
ment shown in FIG . 1 , however the width ( Wgr ) of the gate area of the device i . e . only under the source metallization 
runners 110 of the gate metallization 104 increases as the 35 106 in FIG . 12 . As such , the metal - filled grooves 122 are 
gate runners extend further outward from the gate pad 108 . spaced apart by a distance Dmv from the nearest conductive 
Widening the gate runners 110 along the sides of the device via 120 contacting the gate electrode 116 according to this 
in this way counter - balances the increasing resistance over embodiment . A sufficiently low integrated gate resistance 
the length of the gate runners 110 . can be provided between the metal - filled grooves 122 and 

FIG . 9 shows two sections of the power semiconductor 40 the conductive vias 120 contacting the gate electrodes 116 if 
device in cross - sectional view according to still another the polysilicon doping of the gate electrodes 116 is low 
embodiment . According to this embodiment , field plates ( if enough . 
provided ) are disposed in a different trench than the poly - Terms such as “ same ” , “ match ” and “ matches ” as used 
silicon gate electrodes 116 . The left - hand side of FIG . 9 herein are intended to mean identical , nearly identical or 
shows a section of the device where conductive vias 120 45 approximately so that some reasonable amount of variation 
connect the source metallization 106 to the body and source is contemplated without departing from the spirit of the 
regions 132 , 134 . The right - hand side of FIG . 9 shows a invention . The term " constant ” means not changing or 
section of the device where conductive vias 120 connect the varying , or changing or varying slightly again so that some 
gate metallization 104 to the metal - filled grooves 122 dis reasonable amount of variation is contemplated without 
posed in the polysilicon gate electrodes 116 . 50 departing from the spirit of the invention . Further , terms 

FIG . 10 illustrate a cross - sectional view of the power such as “ first " , " second " , and the like , are used to describe 
semiconductor device implemented as a DMOS ( double - various elements , regions , sections , etc . and are also not 
diffused metal - oxide semiconductor ) device . According to intended to be limiting . Like terms refer to like elements 
this embodiment , the gate structure of the DMOS device is throughout the description . 
planar and disposed on a first surface 101 of the substrate 55 As used herein , the terms “ having " , " containing ” , 
100 . The body and source regions 132 , 134 of the DMOS “ including ” , “ comprising ” and the like are open ended terms 
device are disposed at the first surface 101 . The drain 172 of that indicate the presence of stated elements or features , but 
the DMOS device is disposed at the opposing surface 103 of do not preclude additional elements or features . The articles 
the substrate 100 and separated from the body and source “ a ” , “ an ” and “ the ” are intended to include the plural as well 
regions 132 , 134 by a drift region 174 . Thus , the DMOS 60 as the singular , unless the context clearly indicates other 
device is a vertical device in that the current flow direction wise . 
is between the opposing surfaces 101 , 103 of the device It is to be understood that the features of the various 
from the source 134 to the drain 172 . The planar gate embodiments described herein may be combined with each 
structure of the DMOS device includes a polysilicon gate other , unless specifically noted otherwise . 
electrode 176 spaced apart from the first surface 101 of the 65 Although specific embodiments have been illustrated and 
substrate 100 by a gate dielectric 178 . A metal - filled groove described herein , it will be appreciated by those of ordinary 
180 is formed in the planar polysilicon gate electrode 176 as skill in the art that a variety of alternate and / or equivalent 



US 10 , 177 , 250 B2 

implementations may be substituted for the specific embodi separating the metal to form the gate metallization on the 
ments shown and described without departing from the dielectric layer and electrically conductive vias in the 
scope of the present invention . This application is intended first group of openings which connect the gate metal 
to cover any adaptations or variations of the specific lization to the metal - filled groove , and the source 
embodiments discussed herein . Therefore , it is intended that 5 metallization on the dielectric layer and electrically 
this invention be limited only by the claims and the equiva conductive vias in the second group of openings which 
lents thereof . connect the source metallization to the source region . 

9 . The method of claim 1 , further comprising : What is claimed is : interrupting the metal - filled groove at least once over a 1 . A method of manufacturing a semiconductor device , 10 length of the metal - filled groove so that the metal - filled the method comprising : groove comprises at least two different sections spaced forming a trench extending into a semiconductor substrate 
and a polysilicon gate electrode in the trench which is apart in the trench . 
insulated from the substrate ; 10 . The method of claim 1 , further comprising : 

forming a body region of a first conductivity type in the 15 forming an additional trench extending into the substrate 
substrate adjacent the trench and a source region of a adjacent the source and the body regions and spaced 
second conductivity type opposite the first conductivity apart from the trench with the polysilicon gate elec 
type adjacent the body region and the trench ; trode ; 

forming a dielectric layer on the substrate ; forming a polysilicon field plate in the additional trench 
forming a gate metallization on the dielectric layer which 20 which is insulated from the substrate ; and 

covers part of the substrate and a source metallization forming an additional metal - filled groove in the polysili 
on the dielectric layer which is electrically connected to con field plate which is electrically connected to the 
the source region , the source metallization being source metallization . 
spaced apart from the gate metallization and covering 11 . The method of claim 10 , wherein the additional 
a different part of the substrate than the gate metalli - 25 metal - filled groove in the polysilicon field plate extends 
zation ; and along a length of the additional trench underneath at least forming a metal - filled groove in the polysilicon gate part of the gate metallization . 
electrode which is electrically connected to the gate 12 . The method of claim 1 , further comprising : metallization , the metal - filled groove extending along a forming a polysilicon field plate in the same trench as the length of the trench underneath at least part of the 30 polysilicon gate electrode , the polysilicon field plate source metallization . being insulated from the substrate and the polysilicon 2 . The method of claim 1 , wherein forming the metal gate electrode ; and filled groove in the polysilicon gate electrode comprises : 

forming a passivation layer on the substrate before the forming an additional metal - filled groove in the polysili 
dielectric layer and the gate and the source metalliza - 35 con field plate which is electrically connected to the 
tions are formed ; source metallization . 

forming an opening in a part of the passivation layer 13 . The method of claim 12 , wherein the additional 
disposed over the polysilicon gate electrode , the open metal - filled groove in the polysilicon field plate extends 
ing extending along a length of the polysilicon gate along the length of the trench underneath at least part of the 
electrode and having a smaller width than the polysili - 40 gate metallization . 
con gate electrode ; 14 . The method of claim 1 , wherein the gate metallization 

etching a groove into the polysilicon gate electrode layer is formed to comprise two spaced apart fingers , 
through the opening in the passivation layer ; and wherein the metal - filled groove is formed to be electrically 

filling the groove with metal . connected to the two spaced apart fingers and extend 
3 . The method of claim 2 , wherein filling the groove with 45 between the two spaced apart fingers directly underneath at 

metal comprises filling the groove with at least one of least part of the source metallization , and wherein the 
Ti / TiN / W and TiW . metal - filled groove is formed to be insulated from the source 

4 . The method of claim 2 , wherein the passivation layer metallization by the dielectric laver . 
comprises oxynitride and / or undoped silicate glass . 15 . The method of claim 1 , further comprising : 5 . The method of claim 2 , wherein a thickness of the 50 reducing a cross - sectional area of the metal - filled groove metal - filled groove is defined by a thickness of the passi over part of the length of the metal - filled groove to vation layer . form a resistor from the part of the metal - filled groove 6 . The method of claim 5 , wherein the thickness of the with the reduced cross - sectional area . passivation layer ranges from 150 nm to 400 nm . 

7 . The method of claim 2 , further comprising : 55 16 . The method of claim 1 , wherein the metal - filled 
recessing the metal below a top surface of the passivation groove extends continuously from a first end of the trench to 

layer . an opposing second end of the trench , and wherein the 
8 . The method of claim 1 . wherein the source metalliza - metal - filled groove is electrically connected to the gate 

tion is electrically connected to the source region and the 
metal - filled groove is electrically connected to the gate 60 17 . The method of claim 1 , wherein the groove is filled 
metallization by : with at least one of Ti / TiN / W and TiW . 

forming a first group of openings through the dielectric 18 . The method of claim 1 , wherein the semiconductor 
layer to the metal - filled groove and a second group of substrate comprises an epitaxial layer of the second conduc 
openings through the dielectric layer to the source tivity type , the method further comprising : 
region ; 65 forming a drift region of the second conductivity type in 

filling the first and second groups of openings and cov the epitaxial layer , 
ering the dielectric layer with metal ; and wherein the trench extends into the drift region . 

me 
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19 . A semiconductor device , comprising : 
a trench extending into a semiconductor substrate ; 
a polysilicon gate electrode in the trench and which is 

insulated from the substrate ; 
a body region of a first conductivity type in the substrate 5 

adjacent the trench ; 
a source region of a second conductivity type opposite the 

first conductivity type adjacent the body region and the 
trench ; 

a dielectric layer on the substrate ; 
a gate metallization on the dielectric layer which covers 

part of the substrate ; 
a source metallization on the dielectric layer and which is 

electrically connected to the source region , the source 
metallization being spaced apart from the gate metal - 15 
lization and covering a different part of the substrate 
than the gate metallization ; and 
metal - filled groove in the polysilicon gate electrode 
which is electrically connected to the gate metalliza 
tion , the metal - filled groove extending along a length of 20 
the trench underneath at least part of the source met 
allization . 
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